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摘    要 
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1( P = PMB), 2 (P = Bn)  
二、系统地研究了 3-羟基戊二酰亚胺 3和 4 C-2位烯丙基化反应的区域和
立体选择性。(1) 研究了在 Lewis 酸催化下烯丙基三甲基硅烷与环状 N,O-缩醛
的亲核反应，建立了在 TiCl4催化下，烯丙基三甲基硅烷与环状 N,O-缩醛 5a的
亲核反应立体选择性地生成 6的优化条件，产物立体选择性为 cis : trans = 76 : 
24，产率 95%；(2) 研究了烯丙基格氏试剂与 3 的还原烯丙基化反应，发现不
同 Lewis酸催化剂可调控还原反应的立体化学：若用 Et3SiH / BF3•Et2O还原体
系对 5b进行还原，产物 6以顺式立体异构体为主(cis : trans = 80 : 20)，收率为
70%；若用 Et3SiH / SnCl4还原体系对 5b进行还原，产物 6以反式立体异构体
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丙基化反应，建立了 Et3SiH / BF3•Et2O体系还原 5c，立体选择性地生成 7的优
化条件，选择性为 cis : trans = 5 : 95 ，收率 73%；(4) 从合成砌块 1出发，合
成了烯丙基迁移的前体化合物 5d，探索了通过 TMSOTf催化，C-3位硅基上烯
丙基向 N-α碳迁移的反应，生成化合物 8的优化条件，顺反立体选择性可达到


















3 P = TBS
4 P = Bn
5a R = Ac, 5e R= Me
OH
6 P = TBS
7 P = Bn
8 P = H





称合成：(1) 从顺式烯丙化产物 cis-6出发，经 CAN氧化去保护-氢化锂铝还原
-N-苄氧羰基化反应，生成合成常山碱的关键中间体(2S,3S)-10。再参照文献方
法，经过五步反应，对异常山碱 12和常山碱 13进行了不对称合成。从 1算起，
路线总长分别为十二、十三步，总收率分别为 6.38% 和 4.34%；(2) 从反式烯
丙化产物 trans-6 出发，参照上述方法，合成了合成常山碱的关键中间体
(2R,3S)-10，进而再经五步反应，完成了常山碱 13的不对称合成。从 1算起，













































   13 (+)-febrifugine
(2R,3S)-11, P = Bn
cis-6
trans-6 , P = TBS
trans-7 , P = Bn
H
3 steps 5 steps
3  steps 5 steps
 
四、基于合成砌块 1，对生物碱(-)-sedacryptine进行了不对称合成。从顺式
烯丙化产物 cis-6出发，经 CAN氧化生成 cis-9，对 cis-9进行 N-苄氧羰基化反
应、DIBAL-H还原和乙酰化反应，转化成哌啶环 C-6位 N,O-缩醛 15。研究了
在 Lewis 酸催化下，苯乙酮烯醇硅醚与 N,O-缩醛 15 的亲核反应。高立体选择
性地合成了 C-2，C-6 位顺式立体异构体产物 16，收率为 86%。16 经 Wacker






































研究了 SmI2促进吡啶砜(氯)甲基苄基醚与 3-硅氧基戊二酰亚胺 3 选择性地在
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保护、Et3SiH / BF3•Et2O体系还原生成羟甲基化合物 19，立体选择性为 93 : 7，
三步收率为 35%。19 经保护基更换转化为 20。研究了通过正十二烷基溴化镁
与 20的加成-开环-关环反应，高立体选择性地在合成砌块 C-6位引入 C-2 / C-6
顺式长链烃基取代基。进而完成了(+)-2-epi-deoxoprosopinine 23的不对称合成。
































成中间体 27的不对称合成。从 2出发合成了羟甲基化合物 24，总收率为 33%。
进而合成了 25。然后在 LDA 作用下，25 的羰基 α 位产生的负离子与 PhSeBr
反应后再经 H2O2氧化-消除，转化为 26。研究了 OsO4 / NMO体系对 26的双羟
基化反应，高立体选择性地合成了关键中间体 27，为对糖苷酶具有选择性抑制




















24 25 26 27  
















Piperidine-ring containing alkaloids are occurred widespreadly in nature and 
many of them possess a variety of important bioactivities. Many of them have been 
shown to be highly potential for medical and biological applications. In recent years, 
the asymmetric synthesis of piperidine alkaloids has attracted much attention and 
many synthetic approaches have been developed. However, new methods are still 
demanding.  
In this context, selectivity and flexibility are among the major concern. 
Development of multifunctional chiral non-racemic building blocks or synthons has 
been proven to be a powerful strategy to suite the need of both versatility and 
flexibility. The aim of this thesis lies on following two fields. The first one is the 
development of 3-hydroxyglutarimides 1 and 2 as multifunctional building blocks, 
and the second one is the application of 1 and 2 to the asymmetric synthesis of 
piperidine alkaloids: febrifugine, isofebrifugine, (-)-sedacryptine, 
(+)-deoxoprosopinine and 5-epi-DMJ. The main results are listed as follows: 
1. Partial racemization was observed during the synthesis of building blocks 1 
and 2, and conditions were defined for the synthesis of 3-hydroxyglutarimide 1 and 













1( P = PMB), 2 (P = Bn)  















(4-methoxybenzyl)-glutarimide 3 and 4 have been undertaken, three methods were 
established for the regio- and diastereo-selective reduction allylation of 3/4. (1) 
Regioselective partial reduction of 3/4, followed by TiCl4-catalyzed reaction of 
allyltrimethylsilane with N,O-acetal 5a yielded 6 in 95 % yield and in 76 : 24 
diastereoselectivity in favor of cis diastereomer. (2) It was observed that the stereo 
chemistry of the reductive allylation of (S)-N- (4-methoxybenzyl)-3-(tert-butyldimet 
-hylsilyloxy)-glutarimide 3 could be controlled by Lewis acids: BF3•Et2O mediated 
reductive deoxygenation of 5b led cis diastereoselectivity of 6 in 80 : 20 ratio and in 
70 % yield, while SnCl4 mediated reductive deoxygenation provided the 
trans-diastereomer as the major diastereomer (trans: = cis 83 : 17 and in a combined 
yield of 63 %), (3) Regio- and diastereo-selective reductive allylation of 
(S)-N-(4-methoxybenzyl)-3-benzyloxyglut-arimide 4 with allylmagnesium bromide, 
provided trans-diastereomer as the major diastereomer 7 (trans : cis = 95 : 5 and in a 
combined yield of 73 %), (4) TMSOTf-promoted Si to C-2 intramolecular allyl 
group migration proceeded with 83 : 17 cis / trans diastereoselectivity with a 
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5a R = Ac, 5e R= Me
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3. Based on the multifunctional chiral non-racemic building block 1, two 
methods have been developed for the asymmetric total synthesis of antimalarial 
alkaloids febrifugine and isofebrifugine via the key intermediates (2S,3S)-10 and 
(2R,3S)-10 respectively. In such a way, the asymmetric total synthesis of 
(+)-febrifugine was achieved in overall yields of 4.3 % (via cis-10) and 7.4 % yield 
(via trans-10) respectively. In addition, the synthesis of (2R,3S)-11 constitutes an 





























   13 (+)-febrifugine
(2R,3S)-11, P = Bn
cis-6
trans-6 , P = TBS
trans-7 , P = Bn
H
3 steps 5 steps
3  steps 5 steps
 
4. Based on the multifunctional chiral non-racemic building block 1, 
asymmetric total synthesis of sedum alkaloid (-)-sedacryptine was achieved. The key 
step was the Lewis acid catalyzed diastereo-selective reaction of N,O-acetal 15 with 
trimethyl (1-phenylvinyloxy)silane, which led to 16 as the only diastereomer in 86 
% yield. (-)-sedacryptine was obtained in 5 steps from 16, and in an overall yield of 

















































5. Based on the multifunctional chiral non-racemic building block 1, an 
asymmetric total synthesis of (+)-2-epi-deoxoprosopinine was achieved (overall 
yield 6.43 % from S-1). One of the key step was the regio and diastereo-selective 
hydroxymethylation at the C-2 carbonyl of the building block 1, by SmI2 promoted 
benzyloxymethylation reaction. The second key transformation was the 
diastereoselective reductive n-dodecylation of 20, which provided 22 in 70 % and in 
100 % diastereoselectivity based on the recovered starting material. On the other 
hand, compound 21 was obtained by the reaction of allyltrimethylsilane with 
N,O-acetal under Lewis acid catalyzed conditions. Compound 21 is a potentially 






























6. Based on the multifunctional chiral non-racemic building block 2, and 















hydroxymethylation. The asymmetric dihydroxylation of 26 with OsO4-NMO 
oxidation system was furnished to give 27 in 100 % trans-diastereoselectivity and in 
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第一章  引  言 


































































(Dichroa febrifuga)中分离得到的异常山碱 (isofebrifugine) 12 和常山碱 
(febrifugine) 13具有很高抗疟活性[2]；从非洲西部 savanna的 Prosopis africana
树叶中分离出了包括(-)-prosophylline 31、(+)-prosopinine 32等七种 6-取代-2-羟
甲基-3-羟基哌啶生物碱具有麻醉、止痛、抗癌、抗菌等药效[3]。再如，从


















































































































分子 L-733,060 41、CP-99,994 42的不对称合成（图 1.04）。初步发展了通过廉
价的手性源 L-谷氨酸合成(S)-3-羟基戊二酰亚胺 1的方法，研究了饱和烷基卤化
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